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A series of cobaltill) and nickel(ll) complexes lias 
been prepared from several homologous (ethyl to pentyl) 
dl̂ Cii-alkyl disalicylate ligands(LB[2). The compounds 
prepared were of the type ML(0H2)ia,ML Bri(0H2)m aad ML, 
where B is pyridine or isoquinoline. 
The solid complexes have high spin magnetic moments 
and spectra typical of an octahedral or sĝ uare planar 
environment• The shift of the c=o stretching frequency, 
from free ligand to complex, is small and comparable to 
complexes of o-hydroxyaryl carbonyl compounds. 
It was found that: 
(i) the complexes ML, are 
octahedral or high spin square planar dimers or polymers, 
(ii) complexes ML(0112)2 ^ ^ 
are trans octahedral dimers or polymers, 
with the ligand acting as a 
bridging bidentate in all cases» 
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(a) ^ -diketone Complexes^ 
P -diketones can exist in two isomeric forms knom 
as keto and enol tautomers (Figure ! ) • The enolic fom 
"behaves as a bidentate ligand^ The metal cation replaces 
the enolic hydrogen and bonding occurs through the two 
oxygen atoms producing a six membered ring (Figure 1) . 
X-ray analsis of metal ^ -diketone complexes shows that 
the carbon bond lengths in the chelate ring are identical, 
within the range of experimental error, as are the two 
metal-oxygen bond lengths• This indicates that the two 
oxygen atoms are equivalent• 
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Divalent metal cations react with two enolate ions 
to give a neutral molecule in which the metal Iti formally 
four co-ordinated» 
The divalent ions of transition metals often have 
co-ordination numbers towards oxygen greater than four. 
Higher co-ordination can he achieved in several ways: 
1. The addition of a further molecule of ^ -diketone 
to form a six co-ordinated complex. 
2. Polymerisation through bridging oxygen atoms to 
increase the co-ordination number from four to six. 
3» Addition of bases such as water, pyridine, 
ammonia etc. to form five or six co-ordinated complexes. 
Summary of Co-ordination and Stereochemistry. 
The anhydrous nickel(ll) complexes of ^ -diketones 
(NiL2) are structurally of two types: low spin, four 
co-ordinate, square planar monomers^; and high spin, 
1 2 
six co-ordinate octahedral trimers ' . Both forms react 
with monodentate donor molecules, such as water or pyri-
dine, to form six co-ordinated monomeric octahedral bis 
adducts (NiL2B2)» 
Anhydrous bis (acetylacetonato) cobalt(II) is an 
octahedral tetramer in the solid state^ and an octa-
hedral trimer in non-donor solvents^. Tetrahedral 
four co-ordination is observed in cobalt complexes 
with, "bultky substituents-^^, presumably stabilised by 
steric e f f ec ts . 
("b) 0-liydroxyaryl Carbonyl Compounds• 
Incorporation of the C=C double "bond of a p -betoenol 
into an aromatic system (Figure 2) has the effect of des-
troying the equivalence of the two C-0 bonds, which is 











^ ly Q q 
X-ray crystallographic studies have shorn that 
the two carbon-oxygen bond lengths are different; in 
diaquo-bis-salicylaldehydato nickel(II) 
^=0(ketonic) ^ ^-O(phenBaic) 1-30A-U. 
as a result of this the shift in the 0=0 frequency bond 
from ligand to complex is only slightly 4-Ocm 
to lower frequencies (a?able 1). 
m VxH 
acetylacetone 1660 1590, 1520 
salicylaldehyde 1660 1620 
Table 1, 0=0 stretching frequency in metal complexes 
12 
ML2 of a (i -diketone and o-hydroxyaryl carbonyl com-
pound(cm""^) • 
Summary of Oo-ordination and Stereochemistry, 
The complexes of nickel(ll) and cobalt(ll) are 
polymeric, octahedral aad high spin in the solid state. 
They exist in non-donor solvents as an equilibrium 
mixture of monomeric and polymeric forms; the monomer 
predominates at low concentrations (O.OIM). The monomers 
have spectral and magnetic properties indicating that 
they are examples of high spin, square planar complexes. 
(c) Theory* 
(i) Octahedral Complexes, 
(i) Hickel(ll) 
The most common co-ordination number of 
Q 
nickelill) is six. An energy diagram Qf the d ion in 
an octahedral environment (Figure showsthat three 
spin-allowed, d-d transitions are expected. The spectra 
of octahedral Ni(0H2)6'^ and Niien)^*^ display three 
absorption bands (Table - ligands lying to the 
stronger end of the spectrochemical series move the 
absorption bonds to higher energies. It is a charact-
eristic feature of the spectra of octahedral nickel(ll) 
complexes that the molar extinctions are in the low end 
of the range (1-100) expected for octahedral complexes, 
namely between 1 and 30. 
Magnetically, octahedral nickel complexes have 
relatively simple behaviour. They contain two unpaired 
electrons and the magnetic moments range from 2.9 to 3#4. 
Bohr magaetons (2.83 spin only), depending upon the 
magnitude of the orbital contribution. 
..-•'A 
^T.(F) 
.8 Figure Partial energy level diagram fro a d ion 
in an octahedral field, showing the triplet states and 
only the lowest singlet state» 
SPECTRA OF OCTAHEDRAL NICKEL(ll) COMPLEXES 
(approximate bond positions in cm"^) 
++ Transition Ni(0H2)6 NiCen)̂ -" 





The electron configuration of d^cnmay have for 
its ground state configuration in an octahedral ligand 
field either, high spin (t5 e^) in weaker fields or,low 
6 0 & spin ("t2g®ĝ  ^^ stronger fields. Three spin-allowed d-d 
transitions ( P i g . a r e predicted for high spin. Two 
only are ahserved at about 8,5®® cm^^ aad 18,000 cm"'̂ . 
(The "̂ T. (P) » ̂ A. a two electron transition, is 
considerably weaker aad unobserved). The extinctions 
are low f ^3®. 
The high spin octahedral compounds have mag-
netic moments ranging from 4#7 to 5.2 B.M., (3#89 B.M. 
spin only); low spin magnetic moments range from 1.8 
to 2.8 B.M. ( 1 . 7 3 B.M. spin only). 
•g 
4 F 
Figure 4# A partial energy level diagram for a d' ion 
in an octahedral field indicating cross over from high 
spin to low spin. 
(2) Square Planar and Tetragonal Complexes» 
(i) Nickel(ll) 
O Tetragonal distortion of the octahedral d 
system destroys the degeneracy of the d^- ^ and the 
2 
d^ orbitals and separates them by some energy "Q". A 
squari complex of nickel(II) may be low-spin or high-
spin depending on whether the energy separation "Q** is 
greater or less than the energy necessary to cause spin 
pairing, P. (Figures 5, 6,). 
The separation energy "Q" is determined by the nature 
of the four ligands and by the degree in which surround-
ing molecules, either solvent molecules or others in the 
crystal lattice, contribute to ligaad field by approach-
ing the nickel atom along the "z" axis. If these neigh-
bouring molecules should become identical, or at least 
comparable to those four in the plaae in their inability 
to approach the nickel atom and contribute to ligand 
field, then the ligaad field would become exactly or 
approximately octahedral. In this case there would be 
little or no separation between the energy of the two 
highest orbitals and the nickel atom would have two 
unpaired electrons. The two extremes of purely planar 
(i.e. no ligands or neighbours of any kind along the 
"z" axis), and regular octahedral merge into one another 
through a complete and conceivably continuous series of 
internediate cases. Therefore it would seem that high-
spin scLuare planar nickel under certain circumstances 
might display similar spectra to octahedral or weakly 
tetragonal nickel(ll), while low-spin square planar 
nickel spectra might "be expected to differ "because of 
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t d d yz zx 
Square 
environment 
P > Q P < Q 
Figure 5. Energy level diagram showing the further 
splitting of the "d" orbitals as the octahedral array 
of ligands become progressively distorted by the with-
drawal of 2 trans ligands lying along the "z" axis. 
(The orbital does not always drop below the d^, 




Figure 6. ̂ ^ Energy level diagram for nickel(II) complexes 
in planar symmetry showing splitting of the triplet state 
and the crossover point beyond which the singlet state 
has the lowest energy. 
(ii) Ooljaltdl) 
Tetragonal distorition of the octahedral d*̂  
geometry has little effect on the absorption spectra. 
However at very low temperatures splitting of the 
^Ig^^^ - ^ ^ ^ observed. 
Very few high-spin square planar complexes have 
been reported. Their spectra are those of octahedral^^ 
complexes. 
(3) Tetrahedral Complexes, 
(i) Nickel(ll). 
Tetrahedral iiickel(ll) complexes are readily 
identified by spectral bands at about 15,000 cm"^ aad 
7,800 cm""̂ , the molar extinctions being much larger 
than in octahedral complexes ( 200 for the fDimmer 
and 50 for the latter). 
Most tetrahedral nickel complexes also have large 
orbital contributions to their magnetic moments giving 
moments in the range 3*4 to 4.2 B.M. 
(ii) Gobalt(ll). 
An energy level diagram for tetrahedral 
cobalt(II) (Figure shows that three spin-allowed, 
d-d transitions are expected and that in tetrahedral 
environment cobalt(II) must be high-spin. 
Magnetic moments are in excess of the spin only 
value for three unpaired electrons (3.89 B.M.), 





i'igure 7. Partial energy level diagram for a d 
ion in a tetrahedral field. 
To continue the study of oxygen donor ligands, 
potentially quadridentate ligaads were prepared by 
linking two e-hydroxyaryl carbonyl compounds with. an. 
alkyl chain. The ligaads prepared were the homologous 
series, from ethane to pentane, 0(̂ 0) -disalicylates 
(Figure 8). 
OH 0 0 OH 
C 0 (CHg)^ 0 C 
Figure 8. of,(«)-alkyldisalicylate n = 2-5. 
PART II. 
EESULTS AND DISCUSSION. 
- n -
Results and Discussion^ 
Nickel(II) Gomvlexes^ 
!• Preiaaration̂  
The nickel(ll) complexes of -disalicylate ligands 
are isolated from a mixture of iiickel(ll) acetate in 
methanol and ligand dissolved in n-butanol after the 
addition of the "base piperidine. They occur as dihydrates 
or trihydrates NiLiOHg)^ depending on the particular 
ligand used. 
Triaqtuo-pentyl-l, 5^disalicylatonickel(ll) could not 
he obtained pure. Spectral hands are similar to those 
of the corresponding complexes of the other ligands. 
The magnetic moment calculated for pure trihydrate is 
high; 3*9 Bohr, magnetons, indicated nickel hydroxide 
contamination. 
The aquo complexes are insoluble in all the common 
non-donor solvents used. However, they are readily 
soluble in heterocyclic aromatic bases. 
Recrystallisation from a heterocyclic base such as 
pyridine or isoquinoline yields adducts with varying 
quantities of heterocyclic base and water, or solely 
heterocyclic base. The composition of the complexes 
is dependent on the ligand and base. 
The anhydrous complexes, NiL, were obtained by 
heating the pyridine-hydrate adducts. Ethyl-1,2,-
disalicylatonickel(ll) and propyl-l,3-disalicylatoiiicl£el(II) 
were very hydroscopic^ Measurements had to be made on 
the complex taken directly from the drying pistol. Re-
duced pressure and phospherous pentoxjide were not a 
satisfactory desiccant for these compounds. As a result 
of this satisfactory carbon and hydrogen analysis coul d 
not be obtained. The resulting analysis indicated the 
formation of a dihydrate. (This was supported by a 
weight gain of the anhydrous compound when exposed 
directly to the atmosphere). 
The complexes were insoluble in non-donor solvents 
and molecular weight measurements could not be made. 
Spectral measurements were carried out on pyridine and 
isoquinoline solutions of the anhydrous complexes or, 
if necessary, solutions of the hydrates. 
2. Infra-red Spectra. 
In metal ^ -diketones the C=0 stretching absorption 
of the free ketone near I66O cm"*̂  disappears and two 
new, very strong bands appear near 1590 and 1520 cm""̂  
characteristic of the chelate ring, in which both oxygen 
atoms are fully equivalent.^^ 
In -disalicylate compounds the C=0 stretching 
fundamental, also appears about I66O cm*"̂ . Chelation 
of the carbonyl groups has very littlé effect (Table +), 
and the two oxygen atoms cannot be considered equivalent. 
This situation is identical to that observed with aromatic 
o-hydroxycarbonyl compounds, (Table 3). 
Ligand Adduct Complex 
(0=0) cm"^ (0=0) cm""̂  
ITi 06 
10,11 
salicylaldehyde 1660 - 1625 1620 
2(0H2) 1650 1650 
2(4-mepy) 1635 1625 
butyl-1,4~disalicylate 
1675 - 1620 1635 
3(0H2) 1635 1645 
2(Py) 1620* 1630 
* 2(Py) 2(0H2). 
Py Pyridine. 
4-mepy 4-methyl pyridine 
Table 3> Showing the similarities between the 0=0 
stretching frequencies of o-hydroxyaryl carbonyl 
compounds and their complexes and -disalicylate 
compounds and their complexes. 
L i g a n d A d d u c t C o m p l e x 
( 0 = 0 ) ( 0 = 0 ) 
e t h y l - 1 , 2 - - 1 6 3 0 
d i s a l i c y l a t e 1 6 8 0 
{03.2)2 1 ^ 5 0 
( P y ) 1 . 5 ( O H 2 ) 2 . 5 I 6 4 O 
( i Q u ) 2 ( 0 H 2 ) i ' 1 6 2 5 
p r o p y l - 1 , 3 - - 1 6 3 0 
d i s a l i c y l a t e I 6 8 O 
( 0 H 2 ) 3 1 6 4 0 
( P y ) l , 5 ( O H 2 ) 3 1 6 3 0 
( i Q u ) 2 ( 0 H 2 ) i 1 6 3 ® 
b u t y l - 1 , 4 - - 1 6 2 0 
d i s a l i c y l a t e 1 6 7 5 
( 0 H 2 ) 3 1 6 3 5 
( P y i 2 ( 0 H 2 ) 2 1 6 2 0 
( i Q u ) 2 ( 0 H 2 ) i 1 6 2 ® 
p e n t y l - 1 , 5 , - - 1 6 3 0 
d i s a l i c y l a t e 1 6 7 5 
( P y ) . 2 1 6 3 5 
( i Q u ) 2 1 6 3 5 
i Q u = I s o q u i n o l i n e . 
T a b l e _ j £ . 0 = 0 s t r e t c h i n g f r e q u e n c i e s o f oe.ut - d i s a l i c y l a t e 
c o m p o u n d s a n d t h e i r n i c k e l ( l l ) c o m p l e x e s ( c m ~ ^ ) . 
3. Maggetic Properties, 
The moments obtained fall in the range 3.0 - 3.5 
Bohr magnetons (Table 5) and are in the range expected 
for high-spin nickel(ll) with its two impaired electrons. 
Moments reported for octahedral and tetragonal niekel(ll) 
fall in this raage while moments for tetrahedral nickel 
(II) usually fall in the range 3.5 - 4#2 Bohr magnetons. 
jihe moments suggest that the aquo and base adducts 
contain the nickel atom in an octahedral or tetragonal 
enviTOnment in the solid state, while the anydrous com-
plexes contain the nickel atom in octahedral, tetragonal 
or high-spin square planar.environment. 
4# Visible Spectra. 
(a) Anhydrous Compounds. 
Solid state reflectance spectra of the anhydrous 
complexes contain two bands in the visible region (Figure 
9), one at cm"^ and the other at ̂ 8,500 cm""̂ . 
This type of spectra is taken as representing nickel(ll) 
in an octahedral, tetragonal or high-spin square planar 
environment. The band at 14,500 cm""̂  representing the 
^ A g g — d - d transition and the band at8,500 cm""̂  
representing — t r a n s i t i o n s . The third band, 
predicted by ligand field theory, and observed in simple 
nickel compounds at ̂ ^ 24,000 cm""̂  is obscured by a high 
intensity charge transfer band. 
Ligand Adduct JJi eli. B.M, 
ethy1-1,2-
disalicylate - 3.39 















disalicylate - 3.32 
(Py)2 3.16 
(ÌQU)2 3.08 
TaTjle 5. Room temperature magnetic moments of 
nickel(ll) complexes. 
Spectra of the antiydrous complexes in non-donor 
solvents were not possi'ble due to their insolubility 
so extinctions could not he obtained. 
(b) Aguo Complexes. 
The solid state reflectance spectra of the 
aq,uo complexes are almost identical (Figure 9), with 
those of the anhydrous complexes. They have one band 
at ^ 15,000 cm and another at 8,500 cm , indicating 
that nickel(ll) is in an octahedral or tetragonal 
environment. 
(c) Pyridine Adducts. 
Replacement of the water molecules with pyridine 
leads to a shift (500 ~ 1,000 cm"^) in the position of 
the spectral bands towards higher energy (Pig.9). 
These solid state spectra correspond with the spectra 
of the anhydrous complexes dissolved in pyridine (Table 
6). A shift of approximately 200 cm""̂  is observed in 
solution. 
The extinctions are of the order expected for nickel 
(II) in an octahedral enviromaent, namely < 30 (Table 6). 
(d) Isoquinoline Adducts, 
The solid state reflectance spectra showed a 
greater toft to higher energy with the replacement of 
water molecules by isoquinoline, than was observed with 
pyridine substitution. The degree of shift varied with 
the particular ligands (Table 6). 
Spectra of the anhydrous complexes dissolved in 
isoquinoline exhibited bands almost identical to those 
obtained in pyridine solution. 
The extinctioiB were of the order expected for 
nickel(II) in an octahedral envirormient, namely 












Figure 9» Solid state reflectajiae spectra of alkyl 
disalicylate complexes of nickel(ll) . 
Ligand Addact Frequency ajid ExtinctionC ) 
(XiO^ cm""̂ ) Solution 
ethyl-1,2,- - 14.4 8.5 
disalicylate 































































(Py)2 15.5 9.5 15.8 (18) 
9.6 
(11) 




Table 6. Solid state and solution spectra of nickel(ll) 
complexes. 
- 21 " 
Cobalt(II) Complexes^ 
Preparation* 
CobaltCll) complexes of the H,uJ-€Ll]̂ ldisalicylate 
ligands are precipated by the addition of piperidine to 
a mixture of eobilt(ll) aceiate in methanol and a 
solution of ligand in n-butanol» The complexes are 
deposited as trihydrates. 
Analysis of triaq.uo-pentyl-1,5-dialicylato-cobalt(ll) 
only approximated that of the trihydrate. The insolubility 
of the compound did not permit purification by recrystall-
isation. 
The basic adducts of pyridine and isoquinoline are 
isolated when the pure or crude hydrates are recrystallised 
from the heterocyclic base or mixed solvents containing 
the base. Depending on the ligand, water molecules may 
also be present in the adducts. 
Heating of the pyridine or combined pyridine-aq̂ uo 
adducts yielded the anhydrous cobalt(II) complexes. 
These compounds were not as hydroscopic as the corres-
ponding nickel(II) compounds. 
2. Infra-red Spectra. 
The 0=0 stretching absorption band of a "betone group 
conjugated to an aryl compound is found in the 1700 -
1600 cm"^ region. This is the case with the -alfeyl-
disalicylate compounds whose 0=0 absorption band is about 
- 2 8 ~ 
1680 cm"^. Chelating of the carbonyl group has very 
little effect (Table 7) and the two metal-oxygen hands 
cannot he considered equivalent• 
3. Magaetic Properties^ 
Magnetic moment measurements on the complexes in the 
solid state show that all these complexes have moments 
in the range 4#6 to 3*2 Bohr magnetons (Tahle 8), expected 
for high-spin cohaltClI) in an octahedral, tetragonal or 
high-spin square planar environment. 
Visible Spectra. 
(a) Anhydrous Compounds. 
Solid state reflectance spectra of the anhydrous 
complexes contain two haads in the visible region (Fig# 
10) one at ^ 8,500 cm"^ and the other in the 21,000-
17,000 cm""̂  region. The latter is observed as a shoulder 
on a high intensity ligand charge transfer band. This 
type of spectra (Table 9) is characteristic of octahedral 
tetragonal and high-spin square planar environment. 
Extinction values could not be obtained as the anhydrous 
complexes were insoluble in non-donor solvents. 
(b) Aquo Complexes. 
The absorption bands (Table 9)observed in the 
solid state reflectance spectra are almost identical to 
thos# observed for the anhydrous complexes (Figure 10). 
Indicating an octahedral environment for the cohaltClI) ion. 
Ligand Adduct Complex. 
(0=0) ^ 0 ) 
ethyl-1,2-















disalicylate 1675 - I640 
1645 
(iQu)2 1640 
TalJle 7. 0=0 stretching frequencies (cm~^) of disalicylate 
compounds and their cobalt(II) complexes. 
Magentic Moments of Cobalt(ll) Complexes, 
Llgand Adduct ^ eff 
ethy1-12,-















disalicylate - 4.o4 
(ìQU)2 4.54 
Table 8. Room temperature magnetic moments of coÌ3alt(ll) 
complexes. 
- 31 -
(c) Pyridine Adducts« 
Spectra of the pyridine adducts are preserved 
in pyridine with the hand p o s i t i o n s 1 8 , 0 0 0 cm^^Csh) 
and-̂ gjSOO cuT^ and ext inct ions (Tahle 9) cha rac t e r i s t i c 
of normal octahedral c o h a l t ( l l ) complexes. The hands, 
however, have been sh i f ted ^ l ,ooo cm""̂  towards the 
u l t r a - v i o l e t region hy the greater •spectrochemical* 
strength of pyridine compared to water. 
(d) Isoquinoline Adducts. 
As would he expected the spectra of the i so -
quinoline adducts are very s imi la r to the corresponding 
pyridine adducts (Table 9) with hands at --^18,000 cm"^ 
and ^^9,500 cm""̂ . In solution only, the hand in the 
9,500 cm*"̂  region i s c lear , the other band being obscured 
by the intense charge t ransfer band. Extinctions are 












1 8 - 2 1 
1 6 - 2 0 
17x5 
Frequency(em & Extlactioi 














19-21 8 .0 
17.6 (sh) 9.3 
17.6 (sh) 9.4 
18-21 8 .3 
19-20 (sh) 8.1 
17-2 (sh) 9.4 
18tO (sh) 9.8 
17-21 (sh) 8.4 
18-21 (sh) 8.5 










(iQu) 17-8 (sh) 9.8 17-21(sh)9.2 
(35) (11) 
Table 9. Solid state reflectance and solution spectra 











X 10 ^ cm ^ 
Fi^^re 10* Solid state reflectance spectra of alkyl 
-disalicylate complexes of cobalt(ll)» 
Structure of the Complexes» 
(a) Anhydrous • ML> 
Steric requirements of the ligands with alkyl chain 
lengths of 2 - 4 indicate that the ligaad can only act 
as a quijLdridontate if it is co-ordinated to the metal in 
such a way as to put the metal in a tetrahedral environ-
ment. That is the monomeric anhydrous complexes must he 
tetrahedral. 
Space-filling models indicate, where the alkyl chain 
length is five, tetrahedral monomers are not possible, 
hut dn unstrained planar dimer or polymer is easily made. 
Magnetic and spectral evidence ahow that the complexes 
are not tetrahedral, therefore the anhydrous complexes are 
not monomeric. Their insolubility supports this evidence. 
This leaves the possibilities of high-spin square 
planar as a dimer or polymer (Figure 11), or an octahedral 
structure fomed by stacking of either of the square 
planar stimctures. (Figure 12). 
The method of preparation and the ease with which 
some of the anhydrous complexes absorb two molecules of 
water when exposed to the atmosphere suggest that the 
complexes may be one of the two square planar possibilities, 
Evidence produced here cannot distinguish between 
the octahedral and hi^ spin square planar possibilities 
as the spectra and magnetic properties of both stereo 
chemistries are indistinguishable at room temperature^®' 
(a) 
(to) 
Fiis:ure 11. (a) High-spin square planar dimer. 
(b) High-spin square plaxiar polymer. 
Figure 12, High-spin octahedral fomied hy stacking of sq^uare planar 
layers of dimers. 
As the corresponding bidentate o-hydroxyaryl carbonyl 
complexes are high spin square planar in solution, it 
seems likely that these complexes are high spin square 
plaaar as these ligands would be unable to form octahedral 
trimers or tetramers in the solid state in the manner in 
which ^-diketones do. (Figure 13). 
0 o O 
Ni ^Ni Ni 
D / O 
bis(acetylacetonato) nickel(ll) trimer. 
The dimer and polymer possibilities are both known; 
the former in divalent transition metal complexes 
17 of diethylcyclopentanone-2,5-diglyoxylate; 
the latter in low spin square planar nickel(ll) 
18 
complexes of tetradentate salicylaldimene where the 
linking alkyl chain is eight to twelve carbons long. 
These two possibilities cannot be distinguished 
though the dimer might be more likely when the alkyl 
chain is small (e<»g. n = 2,3) and the polymer more 
likely when the alkyl chain is larger (e.g. n^4). 
(b) Basic Adducts> 
The co-ordinated "basic adducts aré restricted "by 
steric requirements of the ligands to exist as the cis 
octahedral faTm (Figure 14), if a monomer. Magnetic 
and spectral evidence show that octahedral metal ions 
are present in the solid state. The shift in the spectral 
hands to higher energy indicates that the base is co-ordin-
ated to the metal. The corresponding hidentate complexes 
are extremely soluble^^'v/hereas these complexes are in-
soluble, so the cis momomer possibility must be considered 
most unlikely. Decomposition by heat to give the 
anhydrous dimer or polymer also suggests that the basis 
adducts are not monomers. 
The two other possibilities are the square planar 
dimer, with the base molecules above áiid below the plane 
(Figure 14) giving a trans octahedral configuration, or 
a similar possibility with the polymer. 
These two possibilities cannot be distinguished due 
to the insolubility of the pyridine adducts. Isoquinoline 
adducts were prepared with the intention of cryoscopic 
molecular weight determination in isoquinoline, however, 
these adducts behaved in a manner identical to the 
pyridine adducts and were insoluble. 
A - , i 
(a) 
(b) 
FiCT.re 14 cis octahedral 




!• Preparation of Li^ands> 
The ligands were prepared using the method of Heim 
19 
and Poe One mole portion (25̂ , to 35f) of the diol 
plus 0.2 cc*s of concentrated sulphuric acid were added 
to an excess (150g) of salicylic acid. The flask con-
taining the mixture was placed in an air oven at 120^0 
for 8-10 hours. The mixture was then poured into a 
solution of sodium bicarbonate to neutralise excess 
acid, and left overnight. Recrystallisation from n-
"butanol yielded the white diester. 
Ethyl-1,2-disalicylate 
Held = 83fo 
^ 0 fo E 
03.10. for 63.58 4.6? 
found 63.58 4.75 
M.Pl. ^5 0 literature 19 84^0 
ProT)yl-l* 3-disalicylate 












literature 19 75^0 
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Butyl-ly 4-disalicylate 
-̂ Leld = Zjfo 
fo 0 <fo E 
calc. for C^gHgOg 65.45 5.49 
found 6^54 5.57 
M.Pt. 126-127^0 
Penty1-1,5-disalicylate 
lield = 44?i 
fo 0 E 
calc. for 66.27 5.85 
found 65.87 5.78 
M.Pt. 59-6^^0 
2. Preparation of Complexes. 
A. Aquo Complexes. 
Complexes of this type were ol^tained by two methods: 
(i) To a solution of the metal acetate (2g) 
in methanol (95^) the correct mole fraction of ligand, 
dissolved in a small volume of hutanol, was added. With 
continuous stirring, 25mls. of a 5^ solution of piperidine 
in methanol was added slowly. 
(ii) exposure of the anhydrous complexes to 
the atmosphere. 
Pure aquo complexes could not he obtained from the 
penty1-1,5-disalicylate ligand. Crude products con-
taminated with metal hydroxide were obtained. Attempts 
to prepare them from solutions with excess ligand yielded 
the aquo complexes contaminated with ligand. 
- 43 -
Recrystallisation was not possible because of their very 
low solubility. 
B. Pyridine Adducts> 
The difficulty of precipitation of some of the 
pyridine adducts in excess base produced several methods 
of preparation. 
(i) The aquo complex (ig) was dissolved in 
pyridine (3 mis.). The solution was boiled and the 
basic adduct was deposited from the hot solution on 
cooling. 
(ii) The aquo complex (1^) was refluxed for 
three hours in pyridine (15 mis.). The excess pyridine 
was distilled of to leave 5-10 mis. of solution. If 
the base adduct was not deposited then; 
(iii) n-Hexane was added (40 mis.) and the 
solution digested on a water bath for several hours. 
Initially a viscous oil separated which eventually 
solidified. 
(iv) The aquo complex {1^) was dissolved in 
5 mis. of iienzene/pyridine mixture (5:1) and boiled. 
On codling the hot solution a powder was deposited. 
In all preparations a small quantity of free ligand 
was added to minimise hydrolysis. 
In some cases the pyridine adducts were hydrated to 
Si some degree. 
All metliods of preparation were used with ethyl-
l,2-disalicylatoiiickel(ll) "but the 2.5(hydrate)-ses(iui-
pyridine-ethyl-l,2-disalicylatonickel(ll) complex was 
foiDmed in all cases. Propyl-l,3-disalicylato nickel(ll) 
also behaved in this manner. 
The pyridine adduct of propyl-l,3-disalicylato 
cobalt(II) could nnly be obtained in the ratio of 
pyridine to metal as 1:1; the co-ordination number 
being made to six by a molecule of water. 
The pyridine adduct of pentyl-1,5-disalicylate 
cobalt(II) could not be obtained pure from hydroxide 
or pyridine contamination. 
C. Anhydrous. 
Anhydrous complexes of the 'disalicylates' were 
obtained by heating the corresponding pyridine adducts 
for four hours at 140^-180^0 at reduced pressure and 
over concentrated sulphuric acid in a drying pistol. 
Ethyl-1,2-disalicylatonickel(ll) and propyl-1,3-
disalicylatonickel(ll) were very hydroscopic. Their 
formation is shown by weight loss on heating pyridine 
adduct, weight gain on exposure to the atmosphere and 
metal analysis. They could not be kept long enough 
for satisfactory carbon and hydrogen micro-analysis. 
D, Isoquinoline Adducts. 
Several methods of preparation of these 
compounds were used, 
( i ) The aquo complex {o.Q^l was dissolved in 
isoquinoline (3 mis.) and heated. The adduct was 
deposited on cooling the hot solution. 
( i i ) As for (i ) only the solvent used was 
isoquinoline ( I . 5 mis.) and "benzene (5 mis.)* 
( i i i ) The siqao complex (o.Sg) was dissolved in 
isoquinoline (7 mis.) and n~hexane (50 mis.) and 
digested on a water bath for several hours. Initially 
a viscous oil separated which eventually solidified. 
(iv) The aquo complex (o.S^Ji was refluxed for 
three hours in a mixture of isoquinoline (6 mis.) and 
benzene (40 mis . ) . The complex was formed on cooling. 
I f no deposition occurred then: 
iv) The benzene was evaporated and n-hexane 
( 5 0 mis.) was added. The mixture was digested as in 
( i i i ) . 
The methods used for each compound are shown in 
Tables 10 and 11. Anhydrous complexes are not shown 
as the method was identical for all ligands and saeld 
is theoretical. 
Colour and analysis of the compounds are shown in 
Tables 12 and 13. 
NIQKEL(II) COMPLEXES 
Li^and Hydrate Pyridine IsQcminoline 
Method Yield Method Yield Method Yield 
ethyl,1,2-
disalioylate A(ii) 58?S B(i) 87fo D(i) 98fo 
B(ii) 945« 
propylTl,3~ 
disalioylate A(i) 57?« B(iii) Ŝ fo D(iii) Slfo 
hutyl-1,4-
disalioylate A(i) 98fo B(ii) 83fo D(iv) 98fo 
peiityl-1,5-
disalicylate A(i) 73?«* B(ii) 41?« D(v) 95?« 
* could not "be obtained pure* 
Tahle 10• showing method of preparation and per cent 
yield of nickeldl) complexes. 
COBALT(II) COMPLEXES. 
Ligand Hydrate Pyridine Isoquinoliae 
Method Yield Method Yield Method Yield 
e thy 1-1,2-
disalicylate A(i) 65^ B(iv) 81^ I)(ii) 95^ 
propyl-1,3-
disalicylate A(i) 66^ B(iv) 73^ D(v) 6?^ 
buty1-1,4-
disalicylate A(i) 73?̂  B(ii) 94^ B(iv) 58^ 
pentyl-1,5-disalicylate A(i) 90^* B(iii) 88^ D(v) 83^ * could not he obtained pure, 
Table 11, Showing method of preparation and per cent 
yield of cobalt(II) complexes. 
3. Analysis, 
Carbon, hydrogen and nitrogen micro analyses were 
done by Dr. E. Challen of the School of Chemistry, 
University of New South Wales, 
Metal analyses, 
(i) The complexes were decomposed by fuming down 
with nitric acid (4 mis,) and sulphuric acid (2 mis,). 
Nickel was detennined gravimetrically by precipitation 
as 'bis(dimethylglyoxiiaato)nickel(lI). 
Cobalt was determined gravimetrically by precipit-
ation as tetrapyridinecobalt(ll) thiocyanale. 
(ii) The complexes were moistened with ION sul-
phuric acid and fumed down, ignited on a Meker burner 
and weighed as the metal oxide, 
4* Spectra, 
(a) Visible, near infra-red spectra were obtained 
using a Zeiss PMQ 11 spectrophotometer. Reflectance 
spectra were obtained using an Rk3 attachment with 
magnesium oxide as reference« 
For solution spectra pyridine was redistilled and 
kept over potassium hydroxide pellets. Isoquinoline 
was redistilled, the fraction boiling between 240^ -
242^C at atmospheric pressure being retained, dried 
over anhydrous magnesium sulphate and stored under 
refrigeration. 
(b) Infra-red spectra were obtained using a 
Perkin - Elmer Infracord with sodium chloride discs 
and the complexes suspended in Nujol Mull. 
4. MaCTietic Moments> 
Solid state moments were obtained using the Gouy 




MALYSIS m D QOLQUR 
X Adduct Colour Formula 
- green 
(0^2)2 green 
(Py)1.5(OH2)2^5 green O^^^E^^^^^^^HIOQ:^ 
(ìQu)2(0H2) green 
- green 
(0H2)3 green ^17^20^ 
( Py ) 1.5 ( OH2 ) 3 - gì e en ' 
(ìQu)2(0H2) green C^^H^QNg^iO.^ 
{O-R̂ )̂  green ^^IT^lS^iOs 




OF NIOKELCli) COMPLEXES 
0 H N Wt. loss of gain 
io of adduct. io 
c 16.4 gain 10.0 
f 16.4 10.0 
c 48,66 4.08 14.9 
f 48.64 4.07 14.9 
c 54.00 4,72 4.02 11.2 loss 31.3 
f 54.06 4.30 3.92 11.4 31.3 
c 64.28 4.44 4.41 9.2 
f 64.80 4.44 4.18 9.2 
c 15.7 gain 9.7 
f 15.6 9.7 
c 47.81 4.72 13.8 
f 47.20 4.62 13.7 
c 53.71 5.43 3.84 10.7 loss 31.6 
f 53.56 4.72 3.88 10.7 31.9 
0 64.74 4.66 4.31 9.1 
f 64.85 5.06 4.15 9.3 
c 49.91 4.43 14.4 
f 49.63 3.83 14.4 
c 55.86 4.17 15.2 
f 56.21 4.26 15.1 
c 49.03 5.02 13.4 
f 49.04 5.12 13.5 
c 57.86 5.20 4.82 10.1 
f 58.25 4.90 4.84 l o . 2 
TABLE 12 CONT 
(next page) 
Adduct Colour Formula 
(iQu)2(0Hgj green 
















f 65.66 4.57 4.22 8.9 
0 56.88 4.52 14.6 
f 56.33 4.47 14.5 
c 5». 14 5.32 12.9 
f 49.21 5.27 15.3 
c 62.28 5.05 4.92 10.5 
f 62.94 5.19 5.01 10.2 
c 67.40 4.89 4.25 8.9 
f 67.00 5.18 4.57 9.0 
Wt. loss or gain 
of adduct, 70 
TABLE 13. 
(next page) 
MAIYSIS AND COLOUR 






























OE COBALT(II) GOMPLSXES, 
c H N Co 
i' 
c 53.50 3.37 16.4 
f 52.94 3.61 16.3 
c 46.50 4.39 14.25 
f 45.85 4.16 14.10 
c 60.36 4.29 5.41 11.4 
f 60.33 4.55 4.97 11.2 
c 61.63 4.72 4.23 8.9 
f 61.66 4.50 4.82 9.1 
c 54.71 3.78 15.8 
f 54.30 4.12 15.7 
c 47.78 4.72 13.8 
f 47.77 4.46 13.9 
c 66.58 4.47 4.44 9.3 
f 66.57 4.76 4.51 9.3 
c 55.82 4.16 15.2 
f 55.23 4.28 14.9 
c 49.00 5.02 13.4 
f 48.55 5.32 13.6 
c 61.64 4.81 5.14 10.8 
f 61.98 4.98 5.03 10.95 
c 66.98 4.6$ 4.31 9.1 
f 66.76 4.87 4.29 8.8 
c 56.87 4.52 14.7 
f 56.13 4.61 14.9 
Wt. loss or 
of adduct. % 
loss 30.6 
30.9 
TABLE 13 CONT, 
(next page) 
Adduct Colour Formula 
(0H2)3 pink C^gHg^CoOg 
(iQu)2 yellow C^^H^gNgCoOg 
— 57 -
C H N Co 
fo 
c 5®.12 5 .31 12.9 
f 48.48 5 .51 14.9 
c 67.39 4.89 4.25 8 .9 
f 67.36 4.98 4.49 9.0 
X positions of esters on al^l chain, 
c caJ-culated percentage for formula, 
f found percentage for formula. 
Wt. loss or gain 
of adduct. 70 
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